Polyploidy, the condition of possessing more than two complete genomes in a cell, has intrigued biologists for almost a century. Polyploidy is found in many plants and some animal species and today we know that polyploidy has had a role in the evolution of all angiosperms. Despite its widespread occurrence, the direct effect of polyploidy on evolutionary success of a species is still largely unknown. Over the years many attractive hypotheses have been proposed in an attempt to assign functionality to the increased content of a duplicated genome. Among these hypotheses are the proposal that genome doubling confers distinct advantages to a polyploid and that these advantages allow polyploids to thrive in environments that pose challenges to the polyploid's diploid progenitors. This article revisits these long-standing questions and explores how the integration of recent genomic developments with ecological, physiological and evolutionary perspectives has contributed to addressing unresolved problems about the role of polyploidy. Although unsatisfactory, the current conclusion has to be that despite significant progress, there still isn't enough information to unequivocally answer many unresolved questions about cause and effect of polyploidy on evolutionary success of a species. There is, however, reason to believe that the increasingly integrative approaches discussed here should allow us in the future to make more direct connections between the effects of polyploidy on the genome and the responses this condition elicits from the organism living in its natural environment.
INTRODUCTION
Polyploids are organisms whose genomes consist of more than two complete sets of chromosomes. Stebbins distinguished three major types of polyploids: autopolyploids, allopolyploids and segmental allopolyploids (Stebbins, 1947) . In autopolyploids all genomes are identical or very similar and arise via genome duplication within the same species (Stebbins, 1947; Lewis, 1980) . Allopolyploids, by contrast, contain two or more distinct genomes, and can arise via hybridization of two different species concomitant with genome doubling (Stebbins, 1947; Grant, 1975) . Segmental allopolyploids carry more than two partially differentiated genomes, which can lead to the formation of both bivalents and multivalents during chromosome pairing (Stebbins, 1947; Levin, 2002) .
Major routes of polyploid formation are via gametic nonreduction and, to a lesser degree, somatic doubling (Lewis, 1980; Ramsey and Schemske, 1998; Levin, 2002; Coyne and Orr, 2004) . In gametic non-reduction, fusion of two gametes, of which at least one contains a non-reduced, full somatic complement of chromosomes, can lead to polyploidy. Somatic doubling may occur in zygotic, embryonic or sporophytic tissue. Spontaneous genome duplication in those tissues can thus also produce viable polyploid offspring via gamete formation in the duplicated sectors (Ramsey and Schemske, 1998) .
Polyploidization in general is now believed to have occurred at least once during the evolutionary history of all angiosperms (Jiao et al., 2011) and it has been suggested as a major driving force of plant evolution (Blanc and Wolfe, 2004; Chen, 2007; Soltis and Soltis, 2009 ). Indeed, polyploidization has been described as a process leading to instantaneous speciation (Mayr, 1963 ) because a singlegeneration event such as the hybridization between two species with subsequent somatic doubling, or the fusion of unreduced gametes is enough to quickly establish barriers that prevent gene flow between the new polyploid and the old progenitor species, and can lead to reproductive isolation (Ramsey and Schemske, 1998) .
Although auto-and allopolyploidy share the property of duplicated genomes, the difference in their compositions has important consequences. In autopolyploids, chromosomes generally pair as multivalents during meiosis, while in allopolyploids bivalent pairing between chromosomes of the same original genome is prevalent (Stebbins, 1947) , resulting largely in the maintenance of two separate genomes. However, the more closely genomes in the allopolyploid are related, the more likely it is for homoeologs (the chromosomes duplicated by allopolyploidy) to pair (Levin, 2002) , resulting in chromosomal exchanges between the two genomes.
Despite the interest in polyploidy there are many long-standing, yet still unanswered questions about the significance of genome doubling, especially in the areas of ecology, physiology and evolution . In this review, I revisit two of these questions and discuss how recent genomic developments have furthered the discussion on these questions. I aim to pay special attention to areas where complementary approaches of different disciplines are starting to be synergistic and where continued integration of genomic with ecological and organismal information would help in the future to resolve unanswered problems.
IS POLYPLOIDY ADVANTAGEOUS FOR EVOLUTIONARY SUCCESS?
There has been a long-standing debate over the evolutionary implications of genome doubling (Winge, 1917; Müntzing, 1936; Ohno, 1970; Comai, 2005; Otto, 2007; Soltis and Soltis, 2009) , which span the spectrum from polyploidy being an evolutionary dead end (Stebbins, 1950; Arrigo and Barker, 2012) to polyploidy being a mayor player with a significant role in evolution (Ohno, 1970; Chen, 2010; Mayfield et al., 2011) .
Three major advantages are often cited that should give polyploids an edge over their diploid parents. First, the increased number of alleles of a given gene in a polyploid should allow the masking of deleterious recessive mutations and thus insure against the loss of fitness (Gu et al., 2003) . The second proposed advantage of allopolyploids and heterozygous autopolyploids is that heterosis allows offspring to display transgressive performance compared with its progenitor species . In contrast to diploid hybrids where hybrid vigor decays over subsequent generations due to homologous recombination, heterosis is stable in allopolyploids due to the predominant disomic pairing of identical homologous chromosomes (Ohno, 1970; Comai, 2005) . The third major advantage of polyploids stems from the possibility that duplicated gene copies can evolve to assume new or slightly varied functions (neofunctionalization or subfunctionalization), potentially allowing for ecological niche expansion or increased flexibility in the organism's responsiveness to environmental change (Adams and Wendel, 2005; Moore and Purugganan, 2005; Lynch, 2007) .
Among the disadvantages that could lead to less vigor and a reduced adaptive capacity in polyploids are the increased number of chromosomes, and the greater complexity of their pairing and segregation interactions that can cause abnormalities (including aneuploidy) during meiosis and mitosis (Comai, 2005) . Additionally, the cell architecture in polyploids is altered because of generally increased cell size in polyploids, which alters the surface to volume ratio (Speckman et al., 1965; Rhoades and Dempsey, 1966; Melaragno et al., 1993; Levin, 2002) . Of particular concern to newly formed outcrossing polyploids is the minority cytotype disadvantage. As pollination is more likely to occur with haploid pollen from neighboring diploid progenitor individuals than with diploid pollen from another polyploid, the major proportion of the offspring is likely to be triploid. Triploid individuals are then less likely to be viable, or if they are viable, they are less likely to be fertile (Levin, 1975) . Finally, changes in polyploids that can be either advantageous or detrimental are the altered transcriptome, genomic architecture and epigenetic landscape, which can lead to gene silencing or activation, as well as DNA loss and epigenetic changes (Wang et al., 2004 (Wang et al., , 2006 Hegarty et al., 2006; Gaeta et al., 2007 Gaeta et al., , 2009 Chaudhary et al., 2009; Pumphrey et al., 2009; Rapp et al., 2009; Wright et al., 2009; Buggs et al., 2010 Buggs et al., , 2011 Hegarty et al., 2011; Mayfield et al., 2011; Xiong et al., 2011; Matsushita et al., 2012) . In the new polyploid such changes can lead to reduced, additive or transgressive states. Therefore, polyploidization produces offspring that has the potential to be distinctly different from both of its parents.
Despite the shortage of convincing evidence linking genomic change to physiologically based enhancement of traits and proven evolutionary success (as opposed to just the theoretical promise of evolutionary success), many of the recent articles cited above have concluded that polyploidy has a definitive role in evolution, and questioned or ignored Stebbins's notion that polyploidy might be an evolutionary dead end (Stebbins, 1950) . Recently, investigators using modern phylogenetic approaches have revived the debate over the question to what degree polyploidy has a creative role in evolution (Wood et al., 2009; Mayrose et al., 2011; Arrigo and Barker, 2012) . Wood et al. (2009) reported that while 15% of all speciation events in angiosperms coincided with an increase in ploidy, subsequent faster speciation rates-as might be expected if the duplicated genome indeed allowed for the new polyploid species to populate new ecological niches or have a broader response to environmental change-did not seem to be the norm for these species (Wood et al., 2009) . Using a comprehensive phylogenetic data set and estimating rates of diversification in newly formed polyploids, Mayrose et al. (2011) determined that polyploids were more likely to be found at the branch tips of phylogenetic trees, and concluded that polyploidy was often followed by extinction as opposed to diversification. Their analyses further showed that speciation rates of polyploid plants were on average lower than those in diploid plants (Mayrose et al., 2011) , suggesting that polyploidy is actually more likely to be detrimental than advantageous for evolutionary success. From these two studies one might infer (a) that polyploidy is a condition that occurs frequently and accidentally but does not generally lead to further speciation events after polyploidization, (b) that evolutionary success of neopolyploids is possible but not the norm and (c) that extinction of recently formed species occurs more frequently in polyploids than in diploid relatives (Arrigo and Barker, 2012) . On the other hand, Mayrose et al. (2011) also suggested that increased genomic diversity in neopolyploids could be the key to success in those new polyploids that did persevere during the establishment of the new species (Mayrose et al., 2011) .
In considering the implications of the two phylogenetic studies described in the previous paragraph (Wood et al., 2009; Mayrose et al., 2011) , it is important to note that neither study specifically distinguished between auto-and allopolyploidy. These two conditions can be difficult to distinguish phylogenetically but the differences between allopolyploidy versus auto-polyploidy can have significant and different consequences on the organism (Grant, 1971; Levin, 2002) , and thus likely its potential for evolutionary success. If autoand allopolyploids indeed have different rates of success in evolution, it is important to study their responses to polyploidy separately if the question is whether genome doubling is advantageous or disadvantageous. While it is not trivial to distinguish between the effects of hybridization and genome doubling in allopolyploidization events, distinct differences between genome doubling and hybrid effects were described in several recent studies in Arabidopsis, Senecio (ragwort) and Gossypium (cotton). In Arabidopsis, Wang et al. (2006) used microarrays to measure transcriptome changes in neoallopolyploids compared with their autotetraploid parents and found hundreds of genes to be differentially regulated between parents and offspring. The same study, using autopolyploids that had gone through wholegenome duplication but not through hybridization, displayed considerably fewer changes between tetraploids and diploid progenitors. This led the authors to suggest that hybridization, not genome duplication, was the driving force in transcriptomic change in allopolyploids (Wang et al., 2006; Chen, 2007) . Two subsequent studies that analyzed transcriptomic changes in Arabidopsis autopolyploids only partially supported the view that hybridization resulted in greater genomic change than genome doubling. Pignatta et al. (2010) used three independently produced sets of autopolyploids and diploids that arose from differently affected sectors of colchicinetreated parent Arabidopsis (ecotype Landsberg erecta, Ler) individuals. While they found no genes that were consistently differentially regulated in response to genome doubling in their microarray analysis, they did observe significant differences between transgenic diploids and tetraploids carrying tissue-specific green fluorescent protein genes activated by endogenous enhancer elements ('enhancer traps'). Differential expression of these enhancers between diploids and tetraploids suggested that perhaps a less complex and more ploidy-sensitive regulation of enhancer traps compared with native genes was responsible for this difference (Pignatta et al., 2010) . Yu et al. (2010) reported that the magnitude of transcriptomic changes in response to genome doubling in diploid and autotetraploid Arabidopsis was dependent on the ecotype used. These authors reported several hundred differentially expressed genes in seedlings or leaves in the ecotype Columbia, but only 9 and 22 genes that were differentially expressed in seedlings and leaves, respectively, in the ecotype Ler (Yu et al., 2010) , the same ecotype that Wang et al. (2006) had used in their study of transcriptomic changes in auto-and allopolyploids.
Using the Senecio system, Hegarty et al. (2005 Hegarty et al. ( , 2006 studied the separate effects of hybridization and genome duplication by first comparing the synthetic triploid hybrid Senecio x baxteri with its two progentior species, the diploid S. squalidus and the tetraploid S. vulgaris. Subsequently, genome doubling was induced in the triploid using colchicine (Hegarty et al., 2005 (Hegarty et al., , 2006 to generate hexaploids equivalent to the naturally occurring S. cambrensis. Microarray-based transcriptome analysis in this system suggested that both hybridization and genome doubling had profound effects on the transcriptome but that these effects were distinct from each other (Hegarty et al., 2005 (Hegarty et al., , 2006 . Furthermore, the authors reported that genome doubling reduced the number of differentially regulated genes in the hybrid compared with the number of differentially regulated genes in the allohexaploid (when either one was compared with their progenitor species), and suggested that genome doubling, therefore, has a 'calming effect' on the hybridization-induced transcriptome shock (Hegarty et al., 2006) .
To distinguish between the effects of hybridization and allopolyploidization, Flagel et al. (2008) compared gene expression changes between a synthetically produced F1 hybrid and those in a natural allopolyploid of the same original parentage in cotton (Gossypium). These authors reported that around 24% of genes with a significantly differential regulation in the F1 hybrid were also found to have the same expression bias in the natural allopolyploid when compared with gene expression in the parents, suggesting that these genes were altered due to genome merger (Flagel et al., 2008) . The remaining 76% of expression changes that were observed in the natural allopolyploid (compared with its progenitor species) could reflect accumulated mutations and sub-or neofunctionalized duplicate genes that had assumed altered expression patterns over evolutionary time in the polyploid (Flagel et al., 2008) . Although the experimental design of this study did not allow the authors to make direct inferences of the effect of genome doubling on changes in gene expression, they were able to conclude that genome merger had a significant but likely only partial role in altering expression patterns between diploids and hybrids or allopolyploids (Flagel et al., 2008) .
From the discussion of the studies cited above (Hegarty et al., 2005 (Hegarty et al., , 2006 Wang et al., 2006; Flagel et al., 2008; Pignatta et al., 2010; Yu et al., 2010) it appears that different species, and even different ecotypes of the same species, can vary significantly in their responses to hybridization, genome doubling or the combination of the two. If we assume that the differential expression of the genome in all polyploids compared with their parents has a role in the evolutionary trajectory of the neopolyploids, then it is tempting to speculate that the magnitude of transcriptomic change in the neopolyploid (or the specific change of transcriptional activity in some key genes) can have a deciding role over which polyploids will persevere in evolution, and for which polyploids genome duplication leads to a dead end. A similarly important aspect that warrants more investigation is the question to what degree the genomic changes that occur during polyploidization lead to increased variation in the sibling offspring. Whether or not polyploidy induces greater variation between siblings than is found in diploid populations is still an open question (Lee and Chen, 2001; Gaeta et al., 2007; Madlung et al., 2012) . It is important to realize that despite the increased variation-and thus evolutionary potential-described in many of the genomic studies discussed in this article, survival or vigor of neopolyploids in the Arabidopsis, Brassica and corn study systems have often been low in synthetic populations (Comai et al., 2000; Madlung et al., 2005; Riddle et al., 2006; Gaeta et al., 2007; Matsushita et al., 2012) , suggesting either a severe bottleneck for the establishment of vigorous polyploids (Comai, 2005) , or the beginning of extinction. Likewise, and very importantly, we still cannot infer from the integration of the molecular and phylogenetic studies discussed earlier whether there is a difference in polyploid advantage or disadvantage for autopolyploids compared with allopolyploids. Molecular analysis of more species may help determine if significant transcriptome changes in response to genome duplication are the rule or the exception as seen in the example of ecotype variation in Arabidopsis (Wang et al., 2006; Yu et al., 2010) . And finally, to determine if polyploidy-induced genomic changes are adaptive, we also need more integrative studies assessing the physiological and ecological consequences of the genomic changes.
Despite the relative rarity of radiation associated with polyploid speciation discussed earlier (Wood et al., 2009; Mayrose et al., 2011; Arrigo and Barker, 2012) , it is important to recognize the evolutionary potential of polyploidy. For that purpose, I will briefly discuss two individual examples of older evolutionarily successful polyploids, which not only survived polyploidization, but for which genome doubling were followed by additional speciation events. Since its split from a common ancestor, Gossypium has evolved into three distinct lineages throughout the world: the New World clade (or D-genome); the African-Asian clade separated into the A-, B-, E-and F-genomes; and the Australian clade with the C-, G-and K-genomes . Ancestral lines of Gossypium are diploid, but an allopolyploidization event took place probably between 1-2 mya after long-distance dispersal of the A-genome to the New World, where it hybridized with the D-genome . This new allopolyploid has since radiated into five separate, morphologically diverse species: G. mustelinum, G. darwinii, G. barbadense, G. tomentosum, and the most important global supplier of agriculturally used cotton fiber G. hirsutm (Fryxell, 1979; Wendel and Cronn, 2003) . A second example of an older allopolyploid that has successfully diversified is the genus Glycine (soybean). Glycine is a complex genus that underwent a whole-genome duplication an estimated 15 mya (Schlueter et al., 2004) and multiple fairly recent allopolyploidization events after its colonization of the Australian continent, for example, with the formation of G. tabacina about 30 K years ago (Doyle et al., 1999) . In another polyploid species in the genus Glycine, G. tomentella, multiple separate 'races' are recognized that have not yet taxonomically arisen to species status, but that display enough molecular phylogenetic divergence from one another to be grouped into separate taxa . These two examples from cotton and soybean suggest that diversity and speciation may indeed be found in nature in relatively recent polyploids, exemplifying how molecular diversity induced by polyploidization might have been the driving force in these speciation events. These two case studies are consistent with the possibility that polyploidization in some species can lead to subsequent diversification, when genome doubling in many other species was followed by extinction (Arrigo and Barker, 2012) . Nonetheless, it is also important in this context to note that the coincidence of polyploidy and subsequent speciation does not preclude other mechanisms that may have had a role in the evolutionary success of cotton and soybean, such as gene flow between populations, recurrent polyploid origins and hybridization or introgression between different species after polyploidization (Coyne and Orr, 2004) .
DO POLYPLOIDS HAVE A GREATER POTENTIAL FOR ADAPTATION TO VARIABLE OR STRESSFUL ENVIRONMENTS?
In the context of evolutionary success of polyploidy the question whether or not polyploids can adapt better to stressful environments was raised early on and has been studied extensively, and discussed at times controversially, in the older literature (Hagerup, 1932; Müntzing, 1936; Gustavsson, 1946; Löve and Löve, 1949; Stebbins, 1950; Löve, 1953; Grant, 1971) . Polyploids have been reported to be more frequent in extreme environments, including the subarctic regions, high elevations and xeric environments (Löve and Löve, 1949; Löve, 1953; Hanelt, 1966; Grant, 1971) . Given the hypothesis that polyploids can thrive relative to their diploid progenitors, polyploids have been studied for their morphological, physiological and developmental differences from diploids to find correlative evidence that might explain observations of higher stress endurance. One example of morphological differences between diploids and polyploids are the larger cell sizes in polyploids (Melaragno et al., 1993) including those of the stomata (Speckman et al., 1965; Masterson, 1994; Hodgson et al., 2010) . Changes in stomatal pore size in response to polyploidy could suggest an effect of genome duplication on the water relations of the plant. A lower density of stomata in polyploids compared with diploids as found in Betula payrifera (birch) (Li et al., 1996) could on the other hand reduce or offset any differences in the overall gas exchange rates. Additionally, morphological variation in leaf thickness, pubescence, cuticular thickness or -composition, as well as physiological parameters affecting the plant's water potential can also have a role in water relations and gas exchange rates (Johnson, 1975; Li et al., 1996) .
Integrative and experimental approaches to questions regarding the adaptive role of polyploidy in responses to the environment are still rare. Maherali et al. (2009) compared natural diploid, tetraploid and colchicine-induced neotetraploids of fireweed (Chamerion angustifolium) to study the effect of genome doubling on water relations. The authors reported larger stomata, increased stem and vessel diameter, and decreased specific hydraulic conductivity in both types of tetraploids over the diploids, but noted that the established tetraploids showed significantly greater drought tolerance than the similarly responding diploid and neotetraploid, suggesting that drought tolerance in fireweed likely evolved after and independently of genome duplication (Maherali et al., 2009) . Ramsey (2011) used transplant experiments in the field to test survivorship of seedlings raised in the greenhouse and transplanted into a dry dune habitat. He reported a fivefold greater survivorship of seedlings raised from field collected seeds of hexaploids over tetraploids, and a 70% greater survivorship of seedlings raised from seeds of spontaneous neohexaploids compared with tetraploids (Ramsey, 2011) . Ramsey concluded from these experiments that polyploidy per se can have a role in adaptation to a new environment (Ramsey, 2011) .
In another recent study with an integrative experimental design examining the ecophysiological implications of an altered morphology in polyploids, Li et al. (2012) examined the underlying mechanisms of cell size variation in diploid and tetraploid Arabidopsis thaliana with molecular tools. Using quantitative PCR, these authors queried expression differences in 34 cell cycle regulating genes and reported significant differences in the expression of three inhibitors of cyclin dependent kinases (ICK1, 2, 5) between diploids and tetraploids. These results suggest a mechanism by which altered gene expression levels of select genes could have direct results on the morphology and ecology of the plant. The results by Li et al. (2012) set the stage for follow-up experiments that could, for example, test if experimentally altered gene expression of ICK1, 2 and 5 has direct or proportional consequences on stoma size and if so, if variable stoma sizes have proportional effects on the water relations of the plant. It would also be of great interest if the described changes in transcriptional activity are the same in different populations of polyploids derived from separate polyploidization events, or if they are stochastic changes. If changes in gene expression levels of specific genes in multiple separately induced polyploids could directly be linked to physiological or morphological changes in polyploids compared with their parents, this would indicate that genes exist, which are directly and consistently regulated by genome doubling. In this context, it is interesting that recent genome wide studies using microarray technology in Arabidopsis (Wang et al., 2006; Pignatta et al., 2010; Yu et al., 2010) , maize (Riddle et al., 2010) , and potato (Stupar et al., 2007) have reported numerous transcriptional changes between ploidy levels, but did not uncover genes that were specifically ploidy-regulated or could have easily explained morphological differences between genotypes of different ploidy levels. Li et al. (2012) argue that maybe subtle changes below the detection limit of the array-based experiments, yet discernable by quantitative PCR, could contribute significantly to the observed morphological variation.
In contrast to the studies on autopolyploids cited in the previous section, recent molecular approaches from several labs have shown that allopolyploids display significant variation in gene expression compared with that of their parents (Adams et al., 2003; Wang et al., 2006; Flagel et al., 2008; Chaudhary et al., 2009; Buggs et al., 2010; Chelaifa et al., 2010) , but in many cases unequivocal connections between the change in gene expression and an adaptive role in stress responses for the observed transcriptional change have not yet been made. A pair of recent studies in Coffea (coffee) addressed the question whether an allopolyploid compared with its parent species had a broader range of transcriptional expression patterns, and thus theoretically increased its chances to be better at responding to changing environmental conditions (Bardil et al., 2011; Combes et al., 2012) . In the first of the two studies, the authors used microarray analysis to compare gene expression in Coffea arabica and its two progenitor species C. eugenioides and C. canephora. Their analysis showed that homoeologous gene pairs were differentially regulated in response to temperature in C. arabica (Bardil et al., 2011) . In a separate study, the authors analyzed the relative contribution of each gene in homoeologous gene pairs to the overall expression of the gene in the allopolyploid and reported significant differences in their relative contribution to the overall transcription of the pair, depending on both tissue type and environmental conditions (Combes et al., 2012) . This study suggested that the allopolyploid has a different, but not necessarily broader, range of responses to changing conditions. It would be interesting to see if the difference in expression could lead to a selective advantage, for example, in a comparative study of wholeplant performance of different individuals in different environments.
Homoeologous genes in the allopolyploid Gossypium hirsutum showed differential expression levels of each homoeolog when a variety of abiotic stresses, such as heat or cold, were applied (Liu and Adams, 2007; Dong and Adams, 2011) . Also, in the allopolyploid Brassica napus, stressful environmental conditions led to a change in the identity of splice variants in a significant subset of homoeologous genes when compared to the two parent species B. olaracea and B. rapa (Zhou et al., 2011) . Alternative splicing creates multiple mature mRNAs from a single gene, which can give rise to multiple proteins with different functions. Collectively, these studies provide strong experimental evidence that regulation of gene expression in homoeologs of allopolyploids can be variable in different conditions. Whether such changes in homoeolog regulation are adaptive, again, remains to be shown.
Another example for changed responsiveness to stress of allopolyploids relative to its parents comes from Arabidopsis. Here, mRNA stability was compared between allopolyploids and their parent species (Kim and Chen, 2011) . Results from this study showed that genes involved in abiotic and biotic stress responses were significantly more likely to also have a differential mRNA decay time when comparing allopolyploids and progenitor species (Wang et al., 2006; Kim and Chen, 2011) . These studies suggest that differential posttranscriptional regulation between allopolyploids and their progenitors might modulate the stress response of allopolyploids relative to their parent species and potentially allow survival under altered conditions. Taken together, modern molecular studies suggest that the duplicated homoeologous genes in allopolyploids might be undergoing subfunctionalization, allowing the allopolyploid to differentially use the homoeologs for different or variable responses to an array of stressful conditions. This in turn would support the idea that allopolyploidization can lead to a functional increase in response options to a wider spectrum of potentially stressful environmental conditions, which could be evolutionarily adaptive. It is important to note, however, that in many cases we still lack direct evidence that polyploidy-induced variation is necessarily linked to the evolutionary potential of populations of polyploids. To gain answers to the question whether or not polyploidy promotes evolution via increased adaptability, more work is needed that integrates molecular and ecological approaches to test the role of specific genes on adaptation under field or controlled conditions.
CONCLUDING REMARKS
Despite the widespread occurrence of polyploidy in nature and the prevalence of its footprint in all angiosperm genomes, the question to what degree polyploidy affects the evolutionary trajectory of a species is still unclear. Old questions about the role of polyploidy in the response to stress or whether genome duplication is beneficial or detrimental to evolutionary success are being revisited using modern genomic tools.
Molecular studies have provided evidence for genomic change on numerous levels of regulation concomitant to polyploidization. However, in many cases we still don't know the effect of polyploidy on fitness under different environmental conditions, and there still is little evidence that observed transcriptional and genomic changes actually lead to faster evolution or greater adaptation in natural populations. Moreover, recent phylogenetic studies perhaps point to the contrary. It is possible that inherent differences in the types of responses to polyploidization are either species-specific or stochastic in individuals. Such differences may be the reason for why some polyploids, such as cotton and soybean, have been so successful and why, as described by Mayrose et al. (2011) , so many others are not. To answer the question of the role of polyploidy per se on speciation, it would be valuable if future phylogenetic studies could distinguish between autopolyploids and allopolyploids so that the question of genome doubling and genome merger can be disentangled. Integrative approaches that combine molecular and ecophysiological tools that compare responses of polyploids grown in controlled conditions with those grown in natural environments might help in the future to get answers to some of the still unresolved questions, and help us better understand the ecological and evolutionary role that polyploidy has.
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